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Capacitive Micromachined Ultrasonic Transducers: Theory and

Technology
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Principle of Operation -_S,'l Ul ol) 5 sl J.ol

CMUTs are made of thin membranes which are essentially paral-  _

lel plate capacitors with a gap between the plates. Fig. 1 iggl> Lwlwl aS 2l oous assbw S solaue 5l s CMUT

schematic drawing of the cross section of a typical membraneq IS ol e 0 WLy U Silas axbs S
The conductive silicon wafer on which the membrane is fabri- ’ i i ? =190

cated make up one of the plates of the capacitor. The other plag®9 D> (0 olaw |, ey sSlae ghio adow 5l uloows
of the capacitor is the metal electrode on top of the membrane.  «uowl 030 aisLw Ul Sg, Line aS sublw, sogSudiw
The membrane is supported with insulating posts. The membrane‘o)-[> )§_,> Axb0 ADD (50 JuSiini |) Ojl> Olxso ).| S

is generally made of an insulating material, most commonly sili- . Lie Loine N a e <)
con nitride (SiN,), and coated with a metal electrode. However, —** L . Lo sV > '"5)1'9 9 !

the membrane can be made of a conductive material in which <S2 3| (S Hebo @ Line .l oo aciligSs (ale sl
case the metal top electrode is not necessary. Optionally, the togls ¢ ,uSJl b 9 aisxlw « WeSidaw 2,00 Vaoso « (sule 03l

electrode can be coated with an insulating material such as low- e ] vl " .
e N . . . ; ODLOKSJqu.LA? |JJ| ‘S\DLMA.Cl.Ol.u..quo.LuJOM
temperature silicon dioxid€LTO) to provide electrical isolation i -2 ¥ et

from the surrounding medium. i S)y90 318 SVL 59,58l 5,90 ol )5 aS 1wl Llw,
CMUTs are used both as acoustic transmitters and receivers. o (gsle 05lo Sy U 2lgi (s YU 59,58l ¢ Lozl au .awb
On transmit, electrostatic attraction forces are used to put the 3, ¢ oauw 0ligy (LTO) los oS UgSuliw duwsS| oS>

membranes into vibration by applying an ac voltage. However, LS 50 p.:b|)9 L_'9|)Jo| q SJI @ls g_g-')-b

because electrostatic force is unipofalways attraction), the vi-

bration frequency of the membranes is twice of the applied fre-

quency. Therefore, a dc bias voltage which is larger than the a@slasiwl (sigwo S 035,35 9 0xisiw,d Ulgic b ld CMUT ;i

voltage amplitude is required for proper operation of CMUTSs. <l <J : - o

The vibration of the membranes generates acoustical waves inthe 7~ I9__. I qul} LSL&S)'” 3l Jasl 'Lo P bs'w el

surrounding medium. oslaiwl wglio L &y 5l eslaiwl L lalaue u.ulg.;)|/-.5|)4
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